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VERIFICATION OF EXTRACTED DATA 

BACKGROUND 

0001. It is desirable in many contexts to generate a struc 
tured textual document based on human speech. In the legal 
profession, for example, transcriptionists transcribe testi 
mony given in court proceedings and in depositions to pro 
duce a written transcript of the testimony. Similarly, in the 
medical profession, transcripts are produced of diagnoses, 
prognoses, prescriptions, and other information dictated by 
doctors and other medical professionals. Transcripts in these 
and other fields typically need to be highly accurate (as mea 
sured in terms of the degree of correspondence between the 
semantic content (meaning) of the original speech and the 
semantic content of the resulting transcript) because of the 
reliance placed on the resulting transcripts and the harm that 
could result from an inaccuracy (Such as providing an incor 
rect prescription drug to a patient). 
0002. It may be difficult to produce an initial transcript that 

is highly accurate for a variety of reasons, such as variations 
in: (1) features of the speakers whose speech is transcribed 
(e.g., accent, Volume, dialect, speed); (2) external conditions 
(e.g., background noise); (3) the transcriptionist or transcrip 
tion system (e.g., imperfect hearing or audio capture capa 
bilities, imperfect understanding of language); or (4) the 
recording/transmission medium (e.g., paper, analog audio 
tape, analog telephone network, compression algorithms 
applied in digital telephone networks, and noises/artifacts due 
to cellphone channels). 
0003. The first draft of a transcript, whether produced by a 
human transcriptionist or an automated speech recognition 
system, may therefore include a variety of errors. Typically it 
is necessary to proofread and edit Such draft documents to 
correct the errors contained therein. Transcription errors that 
need correction may include, for example, any of the follow 
ing: missing words or word sequences; excessive wording: 
mis-spelled, -typed, or -recognized words; missing or exces 
sive punctuation; and incorrect document structure (such as 
incorrect, missing, or redundant sections, enumerations, 
paragraphs, or lists). 
0004. In some circumstances, however, a verbatim tran 
Script is not desired. In fact, transcriptionists may intention 
ally introduce a variety of changes into the written transcrip 
tion. A transcriptionist may, for example, filter out 
spontaneous speech effects (e.g., pause fillers, hesitations, 
and false starts), discard irrelevant remarks and comments, 
convert data into a standard format, insert headings or other 
explanatory materials, or change the sequence of the speech 
to fit the structure of a written report. 
0005. Furthermore, formatting requirements may make it 
necessary to edit even phrases that have been transcribed 
correctly so that Such phrases comply with the formatting 
requirements. For example, abbreviations and acronyms may 
need to be fully spelled out. This is one example of a kind of 
"editing pattern’ that may need to be applied even in the 
absence of a transcription error. 
0006 Such error correction and other editing is often per 
formed by human proofreaders and can be tedious, time 
consuming, costly, and itself error-prone. In some cases, 
attempts are made to detect and correct errors using automati 
cally-generated Statistical measures of the uncertainty of the 
draft-generation process. For example, both natural language 
processors (NLPs) and automatic speech recognizers (ASRS) 
produce Such "confidence measures. These confidence mea 
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sures, however, are often unreliable, thereby limiting the use 
fulness of the error detection and correction techniques that 
rely on them. 
0007 Furthermore, it may be desirable for a report or other 
structured document to include not only text but data. In Such 
a case the goal is not merely to capture spoken words as text, 
but also to extract data from those words, and to include the 
data in the report. The data, although included in the report, 
may or may not be explicitly displayed to the user when the 
document is rendered. Even if not displayed to the user, the 
computer-readable nature of the data makes it useful for vari 
ous kinds of processing which would be difficult or impos 
sible to perform on bare text. 
0008 Consider, for example, a draft report generated from 
the free-form speech of a doctor. Such a draft report may 
include both: (1) a textual transcript of the doctor's speech, 
and (2) codes (also referred to as “tags' or “annotations') that 
annotate the transcribed speech. Such codes may, for 
example, take the form of XML tags. 
0009. The doctor's speech may be “free-form” in the sense 
that the structure of the speech may not match the desired 
structure of the written report. When dictating, doctors (and 
other speakers) typically only hint at or imply the structure of 
the final report. Such “structure' includes, for example, the 
report's sections, paragraphs, and enumerations. Although an 
automated system may attempt to identify the document 
structured implied by the speech, and to create a report having 
that structure, such a process is error prone. The system may, 
for example, put the text corresponding to particular speech in 
the wrong section of the report. 
0010. Similarly, the system may incorrectly classify such 
text as describing an allergy rather than as text corresponding 
to some other kind of data. Such an error would be reflected in 
the document by an incorrect coding being applied to the text. 
Consider, for example, the sentence fragment "penicillin 
causes hives.” This text may be coded incorrectly by, for 
example, coding the text “penicillin' as a current medication 
rather than as an allergen. 
0011 When data are extracted from speech, it is desirable 
that such data be coded accurately. Some existing systems 
which extract data from speech to produce structured docu 
ments, however, do not provide a mechanism for the accuracy 
of the extracted data to be human-verified, thereby limiting 
the confidence with which the accuracy of such documents 
may be relied upon. 
0012 Some systems allow the accuracy of extracted data 
to be verified, but only do so as a separate work step after the 
textual content of the document has been verified for speech 
recognition errors. This data verification process involves 
displaying the extracted codes themselves, which makes the 
verification process difficult due to the complexities of the 
coding systems, such as the Controlled Medical Vocabulary 
(CMV) coding system, that are commonly used to encode 
data in documents. Such existing techniques for Verifying 
extracted data are therefore of limited utility. 
0013 What is needed, therefore, are improved techniques 
for verifying the correctness of data extracted from speech 
into documents. 

SUMMARY 

0014 Facts are extracted from speech and recorded in a 
document using codings. Each coding represents an extracted 
fact and includes a code and a datum. The code may represent 
a type of the extracted fact and the datum may represent a 



US 2014/03.16772 A1 

value of the extracted fact. The datum in a coding is rendered 
based on a specified feature of the coding. For example, the 
datum may be rendered as boldface text to indicate that the 
coding has been designated as an “allergy. In this way, the 
specified feature of the coding (e.g., “allergy”-ness) is used to 
modify the manner in which the datum is rendered. A user 
inspects the rendering and provides, based on the rendering, 
an indication of whether the coding was accurately desig 
nated as having the specified feature. A record of the user's 
indication may be stored. Such as within the coding itself. 
0015 For example, one embodiment of the present inven 
tion is a computer-implemented method comprising: (A) 
identifying a document including a first coding having a first 
feature, the first coding being associated with a first code, the 
first code having first data; (B) rendering the first databased 
on the first feature; (C) identifying a first indication by a user 
of a verification status of the rendering; and (D) identifying, 
based on the verification status of the rendering, a verification 
status of the first feature, comprising: (D)(1)if the verification 
status of the rendering indicates that the rendering is accurate, 
then identifying a verification status of the first feature indi 
cating that the first feature is accurate; (D)(2) otherwise, 
identifying a verification status of the first feature indicating 
that the first feature is inaccurate; and (E) identifying, based 
on the verification status of the first feature, a verification 
status of the first coding. 
0016. Another embodiment of the present invention is an 
apparatus comprising: document identification means for 
identifying a document including a first coding having a first 
feature, the first coding being associated with a first code, the 
first code having first data; rendering means for rendering the 
first databased on the first feature; user indication means for 
identifying a first indication by a user of a verification status 
of the rendering; and first feature verification status identifi 
cation means for identifying, based on the verification status 
of the rendering, a verification status of the first feature, the 
first feature verification status identification means compris 
ing: means for identifying a verification status of the first 
feature indicating that the first feature is accurate if the veri 
fication status of the rendering indicates that the rendering is 
accurate; and means for identifying a verification status of the 
first feature indicating that the first feature is inaccurate oth 
erwise. The apparatus may further include first coding veri 
fication status identification means for identifying, based on 
the verification status of the first feature, a verification status 
of the first coding. 
0017. Another embodiment of the present invention is a 
computer-implemented method comprising: (A) identifying 
a document including a first coding, the first coding being 
associated with a first code and a second code, the first code 
having first data; (B) rendering the first data based on the 
second code; (C) identifying a first indication by a user of a 
Verification status of the rendering; and (D) identifying, based 
on the Verification status of the rendering, a verification status 
of the second code, comprising: (D)(1) if the verification 
status of the rendering indicates that the rendering is accurate, 
then identifying a verification status of the second code indi 
cating that the second code is accurate; and (D)(2) otherwise, 
identifying a verification status of the second code indicating 
that the second code is inaccurate. 

0018. Another embodiment of the present invention is a 
computer-implemented method comprising: (A) identifying 
a document including a first coding having a first feature and 
a second coding, the first coding being associated with a first 
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code and a first verification status record indicating a first 
Verification status of the first coding, the second coding being 
associated with a second code and a second verification status 
record indicating a second verification status of the second 
coding; (B) rendering the first databased on the first feature to 
produce a first rendering of the first data; (C) identifying a first 
indication by a user of a modification to the first verification 
status of the first coding; and (D) modifying the first verifi 
cation status record to reflect the first indication by the user, 
whereby the modified first verification status differs from the 
second Verification status. 
0019. Another embodiment of the present invention is an 
apparatus comprising: document identification means for 
identifying a document including a first coding having a first 
feature and a second coding, the first coding being associated 
with a first code and a first verification status record indicating 
a first verification status of the first coding, the second coding 
being associated with a second code and a second verification 
status record indicating a second verification status of the 
second coding; rendering means for rendering the first data 
based on the first feature to produce a first rendering of the 
first data; user indication means for identifying a first indica 
tion by a user of a modification to the first verification status 
of the first coding; and record modification means for modi 
fying the first verification status record to reflect the first 
indication by the user, whereby the modified first verification 
status differs from the second verification status. 
0020. Other features and advantages of various aspects 
and embodiments of the present invention will become appar 
ent from the following description and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 FIG. 1 is a dataflow diagram of a system for verify 
ing data extracted from speech according to one embodiment 
of the present invention; 
0022 FIG. 2 is a flowchart of a method performed by the 
system of FIG. 1 according to one embodiment of the present 
invention; 
0023 FIG. 3A illustrates a first rendering of a transcript 
according to one embodiment of the present invention; 
0024 FIG. 3B illustrates a second rendering of the same 
transcript rendered in FIG. 3A according to one embodiment 
of the present invention; 
0025 FIG. 4A illustrates text representing words spoken 
in the spoken audio stream of FIG. 1 according to one 
embodiment of the present invention; 
0026 FIG. 4B illustrates a rendering of a transcription of 
the spoken audio stream of FIG. 1 according to one embodi 
ment of the present invention; 
0027 FIG.4C illustrates a structured XML document rep 
resenting the transcription rendered in FIG. 4B according to 
one embodiment of the present invention; and 
0028 FIG. 5 is a diagram of one of the codings of FIG. 1 
in more detail according to one embodiment of the present 
invention. 

DETAILED DESCRIPTION 

0029 Referring to FIG. 1, a dataflow diagram is shown of 
a system 100 for verifying codings of data extracted from 
speech according to one embodiment of the present invention. 
Referring to FIG. 2, a flowchart is shown of a method 200 
performed by the system 100 of FIG. 1 according to one 
embodiment of the present invention. 
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0030. A transcription system 104 transcribes a spoken 
audio stream 102 to produce a draft transcript 106 (step 202). 
The spoken audio stream 102 may, for example, be dictation 
by a doctor describing a patient visit. The spoken audio 
stream 102 may take any form. For example, it may be a live 
audio stream received directly or indirectly (such as over a 
telephone or IP connection), or an audio stream recorded on 
any medium and in any format. 
0031. The transcription system 104 may produce the draft 
transcript 106 using, for example, an automated speech rec 
ognizer or a combination of an automated speech recognizer 
and human transcriptionist. The transcription system 104 
may, for example, produce the draft transcript 106 using any 
of the techniques disclosed in the above-referenced patent 
application entitled “Automated Extraction of Semantic Con 
tent and Generation of a Structured Document from Speech.” 
As described therein, the draft transcript 106 may include text 
116 that is either a literal (verbatim) transcript or a non-literal 
transcript of the spoken audio stream 102. As further 
described therein, although the draft transcript 106 may be a 
plain text document, the draft transcript 106 may also, for 
example, in whole or in part be a structured document, such as 
an XML document which delineates document sections and 
other kinds of document structure. Various standards exist for 
encoding structured documents, and for annotating parts of 
the structured text with discrete facts (data) that are in some 
way related to the structured text. Examples of existing tech 
niques for encoding medical documents include the HL7 
CDA v2 XML standard (ANSI-approved since May 2005), 
SNOMED CT, LOINC, CPT, ICD-9 and ICD-10, and UMLS. 
0032. As shown in FIG. 1, the draft transcript 106 includes 
one or more codings 108, each of which encodes a “concept 
extracted from the spoken audio stream 102. The term “con 
cept’ is used herein as defined in the above-referenced patent 
application entitled “Automated Extraction of Semantic con 
tent and Generation of a Structured Document from Speech.” 
Reference numeral 108 is used herein to refer generally to all 
of the codings within the draft transcript 106. Although in 
FIG. 1 only two codings, designated 108a and 108b, are 
shown, the draft transcript 106 may include any number of 
codings. 
0033. In the context of a medical report, each of the cod 
ings 108 may, for example, encode an allergy, prescription, 
diagnosis, or prognosis. In general, each of the codings 108 
includes a code and corresponding data. For example, coding 
108a includes code 110a and corresponding data 112a. Simi 
larly, coding 108b includes code 110b and corresponding data 
112b. 

0034. The code 110a may, for example, indicate the type 
of coding (Such as whether the coding 108a represents an 
allergy rather than a prescription), while the data 112a may 
represent the value of the coding 108a (such as “penicillin' 
for an “allergy' type coding). Examples of techniques which 
may be used to generate the codings 108 from speech may be 
found in the above-referenced patent application entitled 
'Automated Extraction of Semantic content and Generation 
of a Structured Document from Speech.” 
0035. For purposes of the following discussion, an 
example will be used in which the spoken audio stream 102 
represents dictation by a doctor of a patient visit for a patient 
who reports two allergies. Referring to FIG. 4A, text 400 is 
shown representing the exact words spoken in the audio 
stream 102 in this example. As shown in FIG. 4A, the doctor 
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has stated in the spoken audio stream 102 that the patient has 
an allergy to Penicillin and had a prior allergic reaction to 
peanut butter. 
0036 Referring to FIG. 4B, a rendering 410 of a transcrip 
tion of the spoken audio stream 102 is shown. The rendering 
410 may, for example, be a rendering of the draft transcript 
106. In FIG. 4B, the rendering 410 appears as a formatted 
report including a section heading 412 (Allergies') derived 
from the words “new paragraph allergies colon' in the speech 
400; a first allergy description 414 derived from the words 
“the patient has an allergy to Penicillin that causes hives” in 
the speech 400; and a second allergy description 416 derived 
from the words “the patient also reports priorallergic reaction 
to peanut butter in the speech 400. 
0037 Referring to FIG. 4C, a structured document 420 in 
XML is shown representing the transcription that produced 
the rendering 410 in FIG. 4B. The structured document 420 
will be used herein for purposes of explanation as an example 
of the draft transcript 106. 
0038 Returning to the codings 108 in FIG. 1, the coding 
108a may, for example, represent the patient's allergy to 
Penicillin that causes hives. The coding 108a may, for 
example, be implemented as the XML element 422a shown in 
FIG. 4C. Within the coding 108a, the code 110a may be 
implemented as XML element 424a, the data 112a may be 
implemented as XML element 426a, and a link 114a to the 
corresponding linked text 118a may be implemented as XML 
element 428a. 
0039 Similarly, the coding 108b may represent the 
patient’s prior allergenic reaction to peanut butter, imple 
mented as the XML element 422b shown in FIG. 4C. Within 
the coding 108b, the code 110b may be implemented as XML 
element 424b, the data 112b may be implemented as XML 
element 426b, and a link 114b to the corresponding linked 
text 118b may be implemented as XML element 428b. 
0040. When the transcription system 104 identifies text 
representing data to be encoded without the aid of a human 
and creates a coding as a result, the transcription system 104 
may tag the coding as “automatically derived. For example, 
the coding 108a may include a derivation type field 502a, as 
shown in FIG. 5, which illustrates the coding 108a in more 
detail according to one embodiment of the present invention. 
In one embodiment, the derivation type field 502a has per 
missible values of “manually derived and “automatically 
derived.” If the coding 108a is created without the aid of a 
human, the value of the derivation type field 502a may be set 
to “automatically derived.” 
0041. In the example shown in FIG. 1, the codings 108a-b 
include links 114a–b pointing to the text 118a-b correspond 
ing to the codings 108a-b. The degree of correspondence 
between the codings 108 and particular text in the draft tran 
script 106 may vary, however, and the draft transcript 106 
may or may not include an express indication (e.g., links 
114a–b) of the correspondence between the codings 108 and 
particular text in the draft transcript 106. Consider again the 
example of FIGS. 4A-4C, in which the draft transcript 106 
describes an allergy to Penicillin that causes hives, and in 
which the coding 108a was derived from the text “the patient 
has an allergy to Penicillin that causes hives” in the draft 
transcript 106. In this example, there is a direct correlation 
between the coding 108a and the corresponding text. Such a 
correlation may be indicated in the coding 108a itself. For 
example, the coding 108a may include an XML element 428a 
which links to the corresponding text. 
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0042. The data 112a in the coding 108a may, however, be 
implied by or otherwise derived more indirectly from text 116 
in the draft transcript 106. For example, the coding 108a may 
encode an alternative to Penicillin for use in treatment, even 
though the alternative is not expressly recited in the text of the 
draft transcript 106. Furthermore, the data 112a in the coding 
108a may represent information that does not have any cor 
respondence with the text in the draft transcript 106 or the 
spoken audio stream 102 from which the draft transcript 106 
was derived. 

0043. As a result, even if the coding 108a includes link 
114a, such a link does not necessarily indicate semantic 
equivalence of the linked text 118a with the data 112a, but 
rather represents an informal notion of correspondence of the 
data 112a to some of the evidence that led to their extraction. 
For example, the coded data 112a could represent a general 
category of the corresponding text (e.g., the text “allergic to 
Penicillin' could be annotated with the code for drugallergy), 
or could contain additional information that was derived from 
the context of the corresponding text without explicitly link 
ing to Such context. For example, in a “Physical Examina 
tion' section of a medical report, the text “temperature 37.2 
C could be coded as a current body temperature measure 
ment of the patient. Note that the context of the text, i.e., the 
fact that it occurs in a “Physical Examination' section, con 
tains content that is required for the correct interpretation, 
without being explicitly referenced in the text/fact correspon 
dence. 
0044. At this stage of the report generation process, both 
the textual content of the draft transcript 106 and the codings 
108a-b are unreliable. In a conventional speech recognition 
Supported transcription workflow, a human editor (such as a 
medical language specialist or a dictating physician) would 
review the draft transcript 106 and correct errors in the text 
116. Embodiments of the present invention further enable 
errors in the codings 108 to be corrected. Examples of tech 
niques will now be described which allow the accuracy of 
both the codings 108 and the text 116 to be verified using an 
integrated review process. 
0045 Terms such as the “accuracy” or “correctness” of a 
coding refer generally herein to the degree of semantic 
equivalence between the coding and its associated text. For 
example, coding 108a may be said to be “accurate' or “cor 
rect' if the code 110a and data 112a in the coding 108a 
correspond to the content of the linked text 118a. For 
example, the coding 108a is accurate if the code 110 is an 
“allergy' or “allergen code and the data represents an aller 
gic reaction to Penicillin, because the corresponding linked 
text 118a states that “the patient has an allergy to Penicillin.” 
In particular applications, correctness of the coding 108a may 
not require that both the code 110a and the data 112a be 
correct. For example, in particular applications the coding 
108a may be considered accurate if the code 110a is correct, 
and without reference to the data 112a. 
0046 More generally, a coding's correctness/accuracy 
may be determined by reference to a “feature' of the coding. 
For example, Penicillin may be encoded as a Substance using 
a “substance' coding having a code of "<substance> and a 
datum of “Penicillin.” This Penicillin coding may further be 
encoded as an allergen using an “allergen’ coding having a 
code of "<allergens' and having the Penicillin coding as a 
datum. In XML, such an XML coding may be represented as 
“<allergen (substance>Penicillins/substance></aller 
gend.” In this simplified example, the fact that the Penicillin 
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coding has been further encoded as an allergen is a “feature' 
of the Penicillin coding, as the term “feature' is used herein. 
If the corresponding text (e.g., “the patient has an allergy to 
Penicillin') describes Penicillin as an allergen, then the 
“allergen-ness' feature of the allergen coding is said to be 
“correct' or “accurate.” Examples of techniques will be 
described below for verifying Such features of codings, i.e., 
determining whether such features are accurate. 
0047 Although in the example just described, a coding 
has a “feature' by virtue of being included within another 
coding, this is not a limitation of the present invention. Rather, 
features may be represented in documents in other ways. As 
another example, a Penicillin coding may have the feature of 
representing an allergen using a representation having the 
form of “Penicillin is A allergen,” where “Penicillin,” “is A.” 
and “allergen’ are each represented by a corresponding cod 
ing or other data structure. In this example, the Penicillin 
coding has the feature of representing an allergen eventhough 
the allergen coding does not contain the Penicillin coding, 
i.e., even though the allergen coding and the Penicillin coding 
are disjoint. 
0048. A feature of a coding, therefore, may be a relation 
ship between the coding and another coding, such as an “is A 
relationship, an “isGeneralizationOf relationship, or an 
“overlaps' relationship. As in the case of features, a relation 
ship may be said to be “correct” or “accurate' if the corre 
sponding text describes the relationship. 
0049. The accuracy of the codings 108 may, for example, 
be verified as follows. Returning to FIGS. 1 and 2, a feature 
selector 138 selects a feature 140 to be verified (step 204). For 
example, the feature 140 may be “allergy-ness, i.e., whether 
the codings 108a-b encode an allergy. The method 200 may 
identify the feature 140 to be verified in any of a variety of 
ways. For example, the user 130 may specify the feature 140 
before commencement of the method 200. Alternatively, for 
example, the feature 140 may be specified by a system admin 
istrator or other person at the time of installation or initial 
configuration of the system 100. In this case, the user 130 
would not need to (and might be prohibited from) specify the 
feature 140 to be verified. Furthermore, although the method 
200 shown in FIG. 2 only verifies one feature 140, multiple 
features may be verified sequentially or in parallel. 
0050. The method 200 uses a renderer 124 to produce a 
rendering 126 of the draft transcript 106. The rendering 126 
includes renderings 128a–b of the codings 108a-b, respec 
tively. 
0051 More specifically, the renderer 124 enters a loop 
over each coding C in the draft transcript 106 (step 206). 
Assume for the remainder of the discussion that the method 
200 operates on the first coding 108a. 
0.052 The system 100 includes a visual characteristic 
selector 120 which selects a visual characteristic 122a based 
on a determination of whether the coding 108a has the feature 
140 identified in step 204 (step 206). Examples of visual 
characteristics, and techniques that may be used to select a 
visual characteristic based on the coding 108a, will be pro 
vided below. In general, however, the visual characteristic 
122a may be selected as any visual characteristic which pro 
vides a visual indication of whether the coding 108a has the 
identified feature 140 without displaying the code 110a from 
the coding 108a. 
0053. The renderer 124 renders the coding 108a to pro 
duce a rendering 128a of the coding 108a within the render 
ing 126 of the transcript 106 (step 210). The renderer 124 
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renders the coding 108a based on the selected visual charac 
teristic 122a such that the coding rendering 128a has the 
selected visual characteristic 122a. Rendering the coding 
108a may include rendering the corresponding linked text 
118a and/or any combination of the elements of the coding 
108a. 

0054 The visual characteristic 122a should be selected 
such that it clearly indicates its meaning to the user 130. For 
example, if the visual characteristic 122a is boldfacing of 
text, then the renderer 124 should be configured to boldface 
only that text which represents codings having the selected 
feature 140. Otherwise, it would not be clear to the user 130 
whether any particular instance of boldface text in the ren 
dering 126 was boldfaced to indicate a coding having the 
selected feature 140, or to represent emphasis or for some 
other reason. Boldfacing, however, is only one example of a 
way in which the visual characteristic 122a may be selected to 
provide the user 130 with an unambiguous indication of 
whether the corresponding portion of the rendering repre 
sents a coding having the selected feature 140. 
0055. The method 200 repeats steps 208-210 for the 
remaining codings in the transcript 106 (step 212), thereby 
selecting visual characteristics 122a-band producing coding 
renderings 128a-b corresponding to all of the codings 108a-b 
in the transcript 106. 
0056. Examples of techniques for selecting visual charac 

teristics 122a-b (step 206) and for rendering the codings 
108a-b based on the visual characteristics 122a-b (step 210) 
will now be described. Referring to FIG. 3A, an example 
rendering 300 is shown of the example transcript 420 of FIG. 
4C, which in turn is an example of the draft transcript 106. 
0057. In the rendering 300 shown in FIG. 3A, the two 
codings 108a-b are rendered in a table format. The table 
includes five columns 302a-e for purposes of example: col 
umn 302a for allergy type, column 302b for allergen, column 
302c for allergic reaction, column 302d for the corresponding 
(linked) text, and column 302e for use by a user 130 to 
indicate whether the codings underlying the rendering 300 
are correct. The table includes two rows 304a-b: one row 
304a for the first coding 108a (representing the Penicillin 
allergy) and one row 304b for the second coding 108b (rep 
resenting the peanut butter allergy). 
0058. In this example, the feature 140 is an “allergy” fea 

ture, and the renderer 124 only renders a coding in the table 
300 in the table 300 if the coding encodes an allergy, i.e., if the 
coding has the “allergy' feature 140. In the particular 
example shown in FIGS. 1-3B, both of the codings 108a-b 
represent allergies, and as a result the renderer 124 has 
included renderings 304a–b of both of the codings 108a-b. If, 
however, one of the codings 108a-b did not represent an 
allergy, then the renderer 124 would not provide a rendering 
of that coding in the table 300. 
0059. Therefore, for the example illustrated in FIG. 3A, 
the visual characteristic selector 120 (FIG. 1) operates as 
follows. If the visual characteristic selector 120 encounters a 
coding having the selected feature 140, then the visual char 
acteristic selector 120 specifies that the coding is to be ren 
dered by the renderer 124 using the format of the rows 304a-b 
shown in FIG. 3A. For example, in the case of coding 108a, 
the visual characteristic selector 120 specifies that the coding 
108 is to be rendered using a label (“Drug) in the “Allergy 
Type' column 302a. Note that this label (“Drug) is not the 
same as the text of the code 110a in the coding 108a itself, as 
evidenced by the text of XML element 424a (FIG. 4C) rep 
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resenting the code 110a in this example. As a result, the 
coding 108a representing the Penicillin allergy is rendered in 
step 210 by displaying the contents of the row 304a, without 
displaying the code 110a (e.g., XML element 424a) itself. 
Note that the rendering 300 shown in FIG. 3A may be ren 
dered within a rendering of the text 116 of the transcript 116. 
0060. If the visual characteristic selector 120 encounters a 
coding that does not have the selected feature 140, then the 
visual characteristic selector 120 specifies that the coding is 
not to be rendered by the renderer 124. 
0061 Referring to FIG. 3B, another example of a render 
ing 310 of the same two codings 108a-b is shown. In the 
rendering 310 shown in FIG.3B, the two codings 108a-b are 
rendered using formatted text. The text includes a heading 
312 (“Adverse Reactions”) which indicates the beginning of 
a section describing adverse reactions of the patient who is the 
subject of the transcript 106. The heading 312 may be part of 
the text 116 within the draft transcript 106. The heading 312 
may be a transcription of speech in the spoken audio stream 
102. The heading 312 may, however, be created by the tran 
Scription system 104 in response to detecting text correspond 
ing to adverse reactions. 
0062. The rendering 310 also includes a rendering 314 of 
the source text from which the two codings 108a-b were 
derived. Text representing allergens of positive allergic reac 
tions are rendered in boldface in the rendering 314. In this 
example, therefore, boldface and non-boldface are examples 
of visual characteristics selected by the visual characteristic 
selector 120 based on whether the codings 108a-b have the 
selected feature 140. More specifically, the rendering 314 
includes a rendering 316 of the first coding 108a (which 
represents the Penicillin allergy). The rendering 316 displays 
the linked text 118a, in which the word “penicillin' has been 
rendered as boldfaced text 318, thereby indicating that the 
corresponding coding 108a has been encoded as an allergy. 
This is an example of modifying the rendering of the linked 
text 118a (i.e., "penicillin') based on whether the coding 
108a has the selected feature 140. 
0063) Note again that the resulting rendering 318 of the 
text “penicillin' does not include the code 110a (e.g., XML 
element 424a) itself. As a result, the coding 108a representing 
the Penicillin allergy is rendered in step 210 by displaying the 
boldfaced text “Penicillin' and without displaying the code 
110a itself. The same is true of the rendering 322 of the text 
“peanut butter within the rendering 320 of the linked text 
118b, with respect to its corresponding code 110b. 
0064. Once the transcript 106 has been rendered, the ren 
dering 300 or 310 may be used to verify the correctness of 
features of one or more of the codings 108a-b, and/or to verify 
one or more of the codings 108a-b in their entireties. For 
example, a user 130 may provide one or more indications of 
a verification status of one or more of the renderings 128 of 
the codings 108 to a verification subsystem 132 (FIG. 2, step 
214). 
0065. The user 130 may provide this indication in any of a 
variety of ways. The user 130 may, for example, provide 
explicit input 134 to the verification subsystem 132 indicating 
the verification status of the rendering 128a of coding 108a. 
The verification subsystem 132 may, for example, prompt the 
user 130 to indicate whether the rendering of each of the 
codings 108a-b is correct. Such a prompt may be provided, 
for example, by displaying the rendering 128a of the coding 
108a and simultaneously displaying the corresponding linked 
text 118a, and/or simultaneously playing back the portion of 
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the spoken audio stream 102 from which the linked text 118a 
was derived. The user 130 may use these cues to determine 
whether the coding 108a accurately encodes the correspond 
ing linked text 118a and/or spoken audio. 
0066. The user 130 may provide the verification input 134 
in any of a variety of ways, such as by pressing a key on a 
keyboard or pressing a button in a graphical user interface. 
Certain input values (such as “Y”) may indicate that the user 
130 considers the rendering 128a of coding 108a is correct, 
while other input values (such as “N’) may indicate that the 
rendering 128a of coding 108a is incorrect. Each such input 
value may indicate a different “verification status of the 
rendering 128a. 
0067. With respect to the example rendering 300 shown in 
FIG. 3A, checkboxes 302e may be displayed within the rows 
304a-b. In such an example, the user 130 may provide the 
verification input 134 for each of the renderings 128a-b by 
checking the corresponding checkbox to indicate a verifica 
tion status of “correct’ (i.e., “verified') or leaving the check 
box unchecked to indicate a verification status of “incorrect.” 

0068. With respect to the example rendering 310 shown in 
FIG.3B, the user 130 may be instructed to verify that: (1) all 
text describing allergic reactions is to be included in the 
“Adverse Reactions' section; (2) all text describing allergens 
of positive allergic reactions are to be boldfaced; and (3) no 
other text in the “adverse reactions' section is to be bold 
faced (e.g., especially not negative findings like “not allergic 
to peanut butter'). 
0069. In this example, the user 130 may then provide the 
verification input 134 by leaving boldfaced text as boldfaced 
or by leaving non-boldfaced text as non-boldfaced (thereby 
Verifying (accepting) the corresponding codings), or by 
changing boldfaced text into non-boldfaced text (thereby 
rejecting (disconfirming) the corresponding codings). Note 
that the user 130 performs such verification implicitly in the 
sense that the underlying codes 110a-b (e.g., XML elements 
422a-b) are not directly displayed to the user 130, and in that 
the user 130 does not directly edit the codes 110a-b, but rather 
views and edits a rendering of the data 112a-b and/or linked 
text 118a-b that has been modified based on the codes 110a-b. 

0070. Once the user 130 has provided the verification 
input 134 indicating the Verification statuses of the renderings 
128a–b of the codings 108a-b, the verification subsystem 132 
identifies verification statuses of the selected feature 140 of 
the codings 108a-b, based on the verification input 134 pro 
vided by the user 130 (step 216). For example, the verification 
subsystem 132 identifies a verification status of the feature 
140 of coding 108a based on the verification status of the 
rendering 128a of coding 108a. 
(0071. For example, if the user 130 decides that the text 
“Penicillin' does not represent a coding of an allergy, the user 
130 may select the text “Penicillin' 318 within the rendering 
310 and change the formatting of that text to non-boldfaced. 
The verification subsystem 132 (in step 216) may interpret 
this input (which directly verifies rendering 128a) as an indi 
cation by the user 130 that the verification status of the “aller 
gen’ feature of coding 108a is “incorrect, and that the under 
lying Penicillin coding therefore should not be encoded as an 
allergen. In response to such disconfirmation of the original 
coding of Penicillin as an allergen, the system 100 may sever 
the relationship between the Penicillin coding and the corre 
sponding allergen coding, such as by removing the Penicillin 
coding from the allergen coding. 
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(0072 Similarly, if the text “Penicillin' 318 had not been 
displayed as boldfaced text in the rendering 310, the user 130 
may select the text"Penicillin' 318 and change the formatting 
of that text to boldfaced. In response, the verification sub 
system 132 (in step 216) may determine that the verification 
status of the “allergen’ feature of coding 108a is “incorrect.” 
and that the underlying Penicillin coding therefore should be 
encoded as an allergen. In response, the system 100 may 
encode the Penicillin coding as an allergen. 
(0073. In both of these examples, the system 100 enables 
the user 130 to verify certain features of codings which are 
particularly prone to being initially encoded incorrectly using 
automatic encoding techniques, such as the “allergen’ feature 
of an “allergy” coding. Prompting the user 130 to verify such 
features, and enabling the user 130 to correct the encoding of 
Such features if they are incorrect, increases the overall accu 
racy of the codings 108. 
0074. Furthermore, these techniques may be used to infer 
the correctness or incorrectness of one feature of a coding 
based on the user's verification of another feature of the 
coding. More generally, these techniques may be used to infer 
the correctness of an entire coding based on the user's veri 
fication of one feature of the coding. For example, as shown in 
FIG. 2, in step 218 the verification subsystem 132 may iden 
tify verification statuses of the codings 108 based on the 
verification statuses of the renderings 128 (identified in step 
214) and/or the verification statuses of the feature 140 of the 
codings 108 (identified in step 216). 
0075 For example, if the user 130 does not change the 
formatting of the boldfaced text 318 (“Penicillin') to non 
boldfaced text, the user 130 thereby verifies a first feature of 
the underlying coding 108a, namely that the underlying 
“Penicillin' coding has been correctly encoded as an allergen. 
The system 100 may assume that a second feature of the 
coding 108a is also correct, namely that Penicillin (which 
may be encoded in a <substance coding), rather than some 
other substance, is the correct allergen. The system 100 may 
infer, from the verification of the first feature and the assump 
tion that the second feature is correct, that the entire under 
lying allergy coding 108a is correct. 
0076. The verification status indication provided by the 
user 130 in step 214 need not take the form of explicit input 
provided by the user 130. Rather, the verification subsystem 
132 may interpret a lack of input by the user 130 as an 
indication of the verification status. For example, as described 
above with respect to the rendering 300 in FIG.3A, if the user 
130 determines that the rendering 304a of the Penicillin 
allergy coding 108a is not correct, the user 130 may simply 
leave the corresponding checkbox 302e unchecked. The veri 
fication subsystem 132 may interpret this inaction by the user 
130 as an indication by the user 130 of a verification status of 
“incorrect” or “unverified.” Similarly, the user's decision not 
to change the boldfaced status of text in the rendering 310 of 
FIG.3B may be interpreted by the verification subsystem 132 
that the codings 108a-bare correct. 
(0077. The indication provided by the user 130 may con 
tain information in addition to the verification status of the 
rendering 128a. For example, the input 134 may include 
information that the verification subsystem 132 uses to 
modify the contents of the coding 108a. Consider an example 
in which the spoken audio stream 102 includes a recording of 
the words “thirty-seven point two degrees Celsius.” but this 
was incorrectly transcribed in the linked text 118a as “35.2 
C'. Assume further that the data 112a in the coding 108a 
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therefore includes the data value 35.2 C. If the user 130 edits 
the text 35.2C in the rendering 128a by replacing it with the 
text “37.2 C, the verification subsystem 132 may both 
replace the linked text 118a with the text “37.2C and replace 
the data 112a with the data value 37.2 C. As this example 
illustrates, the verification input 134 may include input indi 
cating not only a verification status of the data 112a, but also 
a modification to be made to the data 112a. The same applies 
to any of the other elements of the coding 108a, such as any of 
the elements shown in FIG. 5. 
0078. Once the verification subsystem 132 has identified 
the verification status of the selected feature 140 of the coding 
108a and/or of the entire coding 108a, the verification sub 
system 132 may store a record 136a of that verification status 
(step 220). In the example illustrated in FIG. 1, the verifica 
tion subsystem 132 stores the record 136a in the transcript 
106 itself, within the coding 108a (as illustrated further in 
FIG. 5). 
007.9 For example, once the verification process 200 has 
been performed for all codings 108a-b in the transcript 106, 
the codings in the document 106 that code for allergens, and 
which were boldfaced during the review process 200 and not 
edited by the user 130 may be assumed to be correct and 
human-verified. For Such codings, the verification Subsystem 
132 may store the value of “correct, human-verified in the 
verification status field 136. As this example illustrates, the 
verification status field 136a may store not merely a binary 
value of “correct” or “incorrect, but additional information 
about the verification status of the coding 108a, such as 
whether the coding 108a was verified by a human or by an 
automated procedure. 
0080. The verification subsystem 132 may record addi 
tional information about the verification of the codings 108. 
For example, the verification subsystem 132 may store a 
record 504a (FIG. 5) of the type of verification indication 
provided by the user 130. For example, the record 504a may 
indicate whether the user 130 verified the coding 108a by 
performing an action in the form of an express input 134 (Such 
as a mouse click), or whether the verification subsystem 132 
inferred the verification status 136a from the users inaction 
(e.g., the user's decision not to change the formatting of text 
314 in the rendering 310 of FIG. 3B). 
0081 Furthermore, although in certain examples dis 
closed herein the user 130 verifies the codings 108 implicitly 
based on renderings 128a–b of the codings 108, the system 
100 may display the codings 108a-b (including the codes 
110a-b) to the user 130 and allow the user 130 to verify the 
codings 108a-b explicitly. For example, the rendering 126 
may include a side-by-side display of the structured docu 
ment 420 shown in FIG. 4C and a corresponding rendering, 
such as one of the renderings 300 and 310 shown in FIGS. 3A 
and 3B. The user 130 may then choose whether to verify the 
codings 108 by editing the document 420 directly, or by using 
the renderings as described above. The verification sub 
system 132 may store a record 506a (FIG. 5) in the coding 
108a indicating which of these methods the user 130 used to 
verify the coding 108a. For example, the record 506a may 
include a value of “explicit if the user 130 verified the coding 
108a by editing the document 420 (FIG. 4C), or a value of 
“implicit if the user 130 verified the coding 108a based on a 
rendering of the document 420 (e.g., the renderings 300 and 
310 in FIGS. 3A and 3B). 
0082 Furthermore, verifying one coding may imply that 
another coding has been Verified. For example, verifying a 
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specific coding at one level of generality may imply that a 
coding at a lower level of generality (i.e., higher degree of 
specificity) has also been verified. For example, verifying that 
a coding of the text “Penicillin causes hives” has been cor 
rectly encoded as a (general) "drug allergy may imply that 
the coding also correctly encodes a (more specific) "Penicil 
lin allergy.” Therefore, if the user 130 verifies a general cod 
ing which encompasses a more specific coding, the Verifica 
tion Subsystem 132 may infer that the more specific coding 
has also been human-verified, and store a record of that veri 
fication status for the specific coding. Even more generally, 
the Verification status of one coding may be used to derive a 
verification status for another coding, with the nature of the 
derivation depending on the relationship between the two 
codings. 
I0083. The verification status 136a of the coding 108a, 
therefore, may have been generated based on an inference 
drawn from the verification status (and/or other features) of 
one or more other codings forming a chain. The Verification 
subsystem 132 may store a record (e.g., record 508a) of the 
chain of codings from which the verification status 136a for 
the coding 108a was derived. For example, if the coding 108a 
is a coding for a drug allergy which was inferred to be verified 
based on the user's direct verification of a coding for a Peni 
cillin allergy (or vice versa), the verification subsystem 132 
may store a pointer to the Penicillin coding in the verification 
chain 508a record of the coding 108a. If the user 130 verified 
the coding 108a directly (i.e., if the verification status 136a of 
the coding 108a was not inferred from any other coding), then 
the verification chain record 508a may contain a null value. 
I0084. At the conclusion of the verification process 200, 
different ones of the codings 108 may have different verifi 
cation states. For example, Some of the codings may have 
been human-verified based on a rendering of the codings, 
while others may have been human-verified based on the 
codings themselves. AS has just been described, these and 
other aspects of the manner in which the codings 108 have 
been verified may be recorded within the codings 108 them 
selves (as illustrated in FIG. 5) and/or elsewhere in the tran 
script 106. This information may be used for a variety of 
purposes. 

I0085. Once the verification process 200 is complete for all 
of the codings 108a-b, it may further be assumed that all text 
in the transcript 106 which describes allergens is now written 
in boldfaced text. For those allergens that were detected by 
the transcription system 106 but subsequently edited by the 
user 130, or that were added by the user 130 by bolding 
previously unbolded text, the verification subsystem 130 may 
attach a code for “allergen of adverse reaction' but not attach 
the code for the specific allergen without further human 
review. If the user 130 unbolded text corresponding to a 
coding 108, the verification subsystem 132 may, in response, 
remove the corresponding coding from the transcript 106. 
I0086. As a result, once the verification process 200 is 
complete: (1) all allergens for positive allergic reactions are 
coded in some form in the transcript 106 (at least with the 
generic code “allergen of adverse reaction'); (2) none but 
those allergens are coded in this manner (i.e., no false posi 
tives); and (3) most allergens are annotated with a specific 
allergen code (those that were detected by the system); the 
lack of this specific coding is explicit and thus can be added as 
needed for others. When using the rendering 300 shown in 
FIG.3A, the classification of allergies as either “food allergy’ 
or “drug allergy” is verified, while when using the rendering 
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310 shown in FIG.3B, the classification of allergies as “food 
allergy” or "drug allergy” remains unverified. 
0087 Among the advantages of the invention are one or 
more of the following. In general, enabling the codings 
108a-b to be verified by a human enables the document 106 to 
be relied upon with a higher degree of confidence than docu 
ments which are verified using traditional automated tech 
niques based on statistically-derived confidence measures. 
Techniques disclosed herein facilitate the verification pro 
cess, by enabling the codings 108 to be verified without 
displaying the codes 110a-b themselves to the user 130. 
Instead, the codings 108 are used to modify the manner in 
which the corresponding linked text 118a-b is rendered. The 
user 130 then verifies features of the codings 108 based on the 
rendering 126, which is designed to be easily understandable 
to non-technically trained users, such as medical transcrip 
tionists who are not trained to understand the codes 110a-b 
themselves. In addition to facilitating verification of the codes 
110a-b, this process increases the reliability of the resulting 
verification statuses because verifications performed by 
human users are generally more reliable than those produced 
automatically by software based on statistically-derived con 
fidence measures. 

0088 Another advantage of embodiments of the present 
invention is that they enable the codings 108 and the text 116 
of the transcript 106 to be verified by an integrated process, 
rather than in separate steps. As described above, for example, 
the user 130 may verify the accuracy of the coding 108a at the 
same time as the user 130 verifies the accuracy of the corre 
sponding linked text 118a. The system 100 may, for example, 
play back the spoken audio stream 102 to the user 130, in 
response to which the user 130 may verify both the accuracy 
of the text 116 (by comparing the text 116 to the words in the 
spoken audio stream 102) and the accuracy of the codings 
108a-b. This results in a more efficient verification process, 
and may enable verification of the codings 108 to be inte 
grated with existing transcription workflows at low cost. The 
verification status indicated by the user 130 for the text 116 
may be stored in the transcript 106, in a manner similar to that 
in which the verification statuses of the codings 108 are stored 
in the codings 108. 
0089. Note that a single indication (e.g., action or inaction) 
may be used to Verify both a coding and the coding's corre 
sponding linked text. For example, the decision by the user 
130 not to edit, or change the format of, text in the rendering 
126 of the transcript, may be interpreted by the verification 
subsystem 132 as an indication both that the text is an accu 
rate transcription of the spoken audio stream 102 and that the 
corresponding coding accurately encodes the text. 
0090. A further advantage of embodiments of the present 
invention is that they enable the degree of trust that a coding 
is correct to be explicitly recorded in the coding itself. Such as 
in the form of an XML element. Examples of such encodings 
of levels of trust are the derivation type field502a (indicating, 
for example, whether the code 110a was automatically 
derived or manually derived), the indication type field 504a 
(indicating, for example, whether the user 130 provided the 
Verification status 136a using express input or by lack of 
input), the verification type field 506a (indicating, for 
example, whether the user 130 verified the coding 108a 
directly by editing the coding 108a or indirectly by verifying 
the rendering 128a of the coding 108a), and the verification 
chain field 508a (indicating whether the coding 108a through 
a deductive chain of Verifications of other codings). 
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0091 Such encodings may be interpreted to reflect levels 
of trust in a variety of ways. For example, automatically 
derived codings may be assigned a lower level of trust than 
manually derived codings; codings verified using express 
input may be assigned a higher level of trust than those 
verified by lack of input; codings verified by direct editing of 
their codes may be assigned a higher level of trust than those 
Verified through renderings of the codings; and codes verified 
by deduction through a chain of codings may be assigned a 
lower level of trust than codings verified without deduction 
through a chain. These and other reflections of levels of trust 
in the accuracy of the codings 108a-b may be stored and used, 
individually or in any combination, by applications to decide 
whether a particular coding, representing data extracted from 
the spoken audio stream 102, is suitable for use for the appli 
cation’s purposes. For example, applications which require 
data to be highly trustworthy may exclude data which is 
marked as having insufficiently high levels of trust. 
0092. More generally, documents which encode medical 
and other facts have a variety of applications (use cases). For 
example, data mining may be performed on collections of 
encoded documents. For example, the abstraction of Syn 
onym expressions for the same underlying fact (e.g., "lung 
inflammation' and "pneumonia'), and the correct scoping of 
negations and tense can significantly improve the quality of 
data mining results, and the ease of writing queries. For 
example, without using these techniques, it can be very dif 
ficult to write a text query which identifies all active smokers 
in a free-text database that contains entries like “does not 
Smoke.” “patient Smokes 2 packs a day, and “patient used to 
smoke.” 

0093 Documents which encode facts may also be used to 
generate reporting/performance measures. For example, 
automatic or semi-automatic abstraction may be performed 
on Such documents to fulfill reporting requirements for can 
cer and other registries, or data elements for treatment-related 
performance measures (as may be required, for example, by 
the government or payer). 
0094. Other examples of uses of encoded documents 
include clinical decision Support (e.g., expert Systems which 
Support the physician at the point of care based on evidence 
taken from a medical report), billing coding, and electronic 
medical record data entry (e.g., populating discrete data ele 
ments of an EMR system from facts extracted from free form 
text). 
0095. It is to be understood that although the invention has 
been described above in terms of particular embodiments, the 
foregoing embodiments are provided as illustrative only, and 
do not limit or define the scope of the invention. Various other 
embodiments, including but not limited to the following, are 
also within the scope of the claims. For example, elements 
and components described herein may be further divided into 
additional components or joined together to form fewer com 
ponents for performing the same functions. Although certain 
examples provided herein involve documents generated by a 
speech recognizer, this is not a requirement of the present 
invention. Rather, the techniques disclosed herein may be 
applied to any kind of document, regardless of how it was 
generated. Such techniques may, for example, be used in 
conjunction with documents typed using conventional text 
editors. 

0096. The spoken audio stream may be any audio stream, 
such as a live audio stream received directly or indirectly 
(such as over a telephone or IP connection), or an audio 
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stream recorded on any medium and in any format. In distrib 
uted speech recognition (DSR), a client performs preprocess 
ing on an audio stream to produce a processed audio stream 
that is transmitted to a server, which performs speech recog 
nition on the processed audio stream. The audio stream may, 
for example, be a processed audio stream produced by a DSR 
client. 
0097. The invention is not limited to any of the described 
domains (such as the medical and legal fields), but generally 
applies to any kind of documents in any domain. Further 
more, documents used in conjunction with embodiments of 
the present invention may be represented in any machine 
readable form. Such forms include plain text documents and 
structured documents represented in markup languages Such 
as XML. Such documents may be stored in any computer 
readable medium and transmitted using any kind of commu 
nications channel and protocol. 
0098. Although in certain examples described herein the 
manner in which the text 116 is rendered is described as being 
based on the codes 110a, the text 116 may be rendered based 
on any combination of the codes 110a and other elements of 
the coding 108a (such as any of the elements shown in FIG. 
5). For example, the manner in which the text 116 is rendered 
may be modified based on both the code 110a and the data 
112a. 

0099. Although in the method 200 illustrated in FIG. 2 all 
of the codings 108a-b are rendered and verified by the user 
130, this is not required. For example, some of the codings 
108a-b may be for use within the transcript 106 only and need 
not be rendered to the user 130. Such codings may be left with 
a verification status of “unverified after the verification pro 
cess 200 is complete. 
0100 Although the spoken audio stream 102 may be 
played back to the user 130 to assist in verifying the codings 
108, this is not required. The spoken audio stream 102 need 
not be used in the verification process 200, e.g., if the verifi 
cation process is performed by the dictating author himself. 
Using the spoken audio stream 102 may, however, enable the 
accuracy of the codings 108 and the text 116 to be verified 
using an integrated process. 
0101. Not all text 116 need be encoded in the transcript 
106. In other words, some of the text 116 may be “flat” text 
having no corresponding codes. Furthermore, multiple ones 
of the codes 108 may link to the same portions of the text 116. 
0102) Any element of the coding 108a that is illustrated 
within the coding 108a in FIG.5 may alternatively be external 
to the coding 108a and be referenced by the coding 108a. For 
example, the verification status 136a may be stored external 
to the coding 108a and be referenced by the coding 108a. 
Conversely, the linked text 118a may be implemented within 
the coding 108a itself rather than referenced by the coding 
108a. Various other ways of implementing the draft transcript 
106, the codings 108, and the text 116 to perform the func 
tions disclosed herein will be apparent to those having ordi 
nary skill in the art and fall within the scope of the present 
invention. 
0103) The simple structures of the coding 108a shown in 
FIGS. 1 and 5 are shown merely for purposes of example. The 
coding 108a may have more complex structures. For 
example, the coding 108a may include multiple data elements 
rather than the single data element 112a. Furthermore, the 
coding 108a may itself include and/or reference other cod 
ings. For example, a coding corresponding to the text "allergy 
to penicillin causing hives' may include/reference other cod 
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ings for the allergen (Penicillin), for the kind of adverse 
reaction (hives), and for the concept that contains links to both 
the allergen and the reaction. As another example, a coding 
corresponding to the text “left shoulder pain' may include/ 
reference a coding for the body part (left shoulder), the prob 
lem (pain), and the relationship between both (pain in left 
shoulder). This linking of codes is referred to as “post-coor 
dination.” 
0104. Although in certain examples described herein the 
feature 140 whose accuracy is verified specifies a relationship 
with a single coding, this is not a limitation of the present 
invention. For example, a feature may be a relationship 
between one coding and two other codings. For example, a 
feature of coding. A may be the relationship that A is AB is A 
C, where B and C are both codings. 
0105. Although certain references may be made herein to 
“data' in the plural (such as the data 112a and 112b), any such 
references should be understood to refer to single data ele 
ments as well. For example, data 112a may be a single datum, 
as may data 112b. 
0106 The techniques described above may be imple 
mented, for example, in hardware, Software, firmware, or any 
combination thereof. The techniques described above may be 
implemented in one or more computer programs executing on 
a programmable computer including a processor, a storage 
medium readable by the processor (including, for example, 
Volatile and non-volatile memory and/or storage elements), at 
least one input device, and at least one output device. Program 
code may be applied to input entered using the input device to 
perform the functions described and to generate output. The 
output may be provided to one or more output devices. 
0107 Each computer program within the scope of the 
claims below may be implemented in any programming lan 
guage. Such as assembly language, machine language, a high 
level procedural programming language, or an object-ori 
ented programming language. The programming language 
may, for example, be a compiled or interpreted programming 
language. 
0108. Each such computer program may be implemented 
in a computer program product tangibly embodied in a 
machine-readable storage device for execution by a computer 
processor. Method steps of the invention may be performed 
by a computer processor executing a program tangibly 
embodied on a computer-readable medium to perform func 
tions of the invention by operating on input and generating 
output. Suitable processors include, by way of example, both 
general and special purpose microprocessors. Generally, the 
processor receives instructions and data from a read-only 
memory and/or a random access memory. Storage devices 
Suitable for tangibly embodying computer program instruc 
tions include, for example, all forms of non-volatile memory, 
such as semiconductor memory devices, including EPROM, 
EEPROM, and flash memory devices; magnetic disks such as 
internal hard disks and removable disks; magneto-optical 
disks; and CD-ROMs. Any of the foregoing may be supple 
mented by, or incorporated in, specially-designed ASICs (ap 
plication-specific integrated circuits) or FPGAs (Field-Pro 
grammable Gate Arrays). A computer can generally also 
receive programs and data from a storage medium such as an 
internal disk (not shown) or a removable disk. These elements 
will also be found in a conventional desktop or workstation 
computer as well as other computers Suitable for executing 
computer programs implementing the methods described 
herein, which may be used in conjunction with any digital 
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print engine or marking engine, display monitor, or other 
raster output device capable of producing color or gray scale 
pixels on paper, film, display screen, or other output medium. 
What is claimed is: 
1. A method performed by at least one computer processor 

executing computer program instructions tangibly stored on 
at least one non-transitory computer-readable medium, the 
method comprising: 

(A) identifying a document including a first coding having 
a first feature encoding a first concept, the first coding 
being associated with a first code: 

(B) associating first data with the first coding, the first data 
representing information that does not have a correspon 
dence with the document; 

(C) rendering the first coding and the first data on an output 
device to have a visual characteristic that is based on the 
first feature, without rendering the first code: 
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(D) receiving, via an input device, a first indication from a 
user of whether the rendering is accurate: 

(E) identifying, based on the first indication received from 
the user, a verification status of the first coding, wherein 
the Verification status of the first coding indicates 
whether the first code represents the first concept, com 
prising: 
(E)(1)if the first indication indicates that the rendering is 

accurate, then identifying a verification status of the 
first coding indicating that the first coding is accurate; 
and 

(E)(2) otherwise, identifying a verification status of the 
first coding indicating that the first coding is inaccu 
rate; and 

(F) if the verification status of the first coding indicates that 
the first coding is inaccurate, then modifying at least one 
of the first feature of the first coding and the first data. 


